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Introduction 63 Teneurins represent a highly-conserved family of type-II transmembrane-protein encoding 64 genes that possess a complex and invariant complement of functional domains (e.g. Tucker, 65 2018; DePew et al., 2019; Schöneberg and Prömel, 2019) . Teneurins are present in at least all 66 of Bilateria (Tucker and Chiquet-Ehrismann, 2006) , and although orthologs appear to be absent 67 in sponges, ctenophores and cnidarians, a possible ortholog of bilaterian teneurins has been 68 identified in a choanoflagellate (Tucker et al., 2012) . The first teneurin genes were discovered 69 in the vinegar fly Drosophila melanogaster. Due to their structural similarity to the 70 extracellular matrix glycoprotein Tenascin, these were called Tenascin-a (Ten-a) 71 (Baumgartner and Chiquet-Ehrismann, 1993) and Tenascin-m (Ten-m) (Baumgartner et al., 72 1994) , the only two teneurins in Drosophila. Interestingly, Ten-m was independently identified 73 by another research group and named odd Oz (odz) after its expression in the brain and the 74 heart (the gifts bestowed by the wizard of Oz) (Levine et al., 1994) . In recent years, 75 phylogenetic analyses revealed the presence of both orthologs, Ten-a and Ten-m, in all 76 arthropods, but also showed that in onychophorans, a closely related outgroup to arthropods, 77 and in another ecdysozoan, the nematode worm Caenorhabditis elegans, there is only one 78 teneurin gene (Minet and Chiquet-Ehrismann, 2000 ; Wides, 2019) ( Figure 1A ). This gene is 79 similar to both arthropod Ten-a and Ten-m and thus suggests that the latter are the result of a 80 gene duplication in the stem leading to Arthropoda. 81 Of the two Drosophila teneurin genes, Ten-m appeared to be the more interesting because it 82 was thought to represent a pair-rule gene (Baumgarnter et al., 1994; Levine et al., 1994) , and 83 thus a component of the famous Drosophila segmentation gene cascade (StJohnston and  84 Nüsslein-Volhard, 1992). Critical reexamination, however, revealed that odd paired (opa) and 85 not Ten-m was responsible for the reported pair-rule phenotypes, and that Ten-m is involved in 86 motor neuron growth and guidance, and not segmentation (Zheng et al., 2011) . At some point, 87 4 a pair-rule function was even attributed to Ten-a, but somewhat tragically, even this finding 88 was incorrect (Rakovitsky et al., 2007 (Rakovitsky et al., (retracted in 2012 ). However, since Ten-m protein is 89 expressed in a "typical" pair-rule like pattern in Drosophila (Baumgarner and Levine, 1994; 90 Levine et al., 1994) , alternative functions in segmentation were discussed, and a possible 91 function as an oscillator in segmentation was suggested (Hunding and Baumgartner, 2017) . concluded that Ten-m cannot be involved in segmentation, since it is not expressed in the 95 ectoderm and thus in tissue that is undergoing primary segmentation. The combined data from 96
Drosophila and Tribolium somewhat intuitively suggest that the pair-rule like expression of 97
Ten-m in the highly-derived dipteran fly Drosophila may represent a derived feature. 98
In this paper, however, I present the first comprehensive data on the embryonic expression 99 patterns of teneurin genes (Ten-m and Ten-a genes) in Panarthropoda, represented by the red 100 flour beetle Tribolium castaneum (Hexapoda: Coleoptera), the pill millipede Glomeris 101 marginata (Myriapoda: Diplopoda), the common house spider Parasteatoda tepidariorum 102 (Chelicerata: Arachnida), and the velvet worm Euperipatoides kanangrensis (Onychophora: 103 Peripatopsidae) ( Figure 1B 
Results

110
Complement and phylogenetic distribution of panarthropod teneurin genes 111
Glomeris, five in the Parasteatoda and one in Euperipatoides ( Figure 1A ). The distribution of 113 teneurin genes reflects the relationship of the panarthropod species used in this study (e.g. 114
Campbell et al., 2011) (Figure 1 A) . The phylogenetic distribution of these genes suggests that 115 a single teneurin gene was present in the last common ancestor of arthropods and 116 onychophorans, and that this gene was duplicated in the stem leading to the arthropods. In the 117 spider, these genes, Ten-a and Ten-m, underwent additional duplications. One of these 118 duplications is likely the result of a whole genome duplication that occurred in the last common 119 ancestor of Arachnopulmonata (Schwager et al., 2017) giving rise to Ten-a1 and Ten-a2 as 120 well as Ten-m1/2 and Ten-m3. An additional duplication event then lead to the presence of 121 three paralogs of Ten-m in the spider (Ten-m1/2 duplicating into Ten-m1 and Ten-m2) ( Figure  122 1A). 123 124
Expression of arthropod Teneurin-m (Ten-m) orthologs 125
Glomeris Ten-m is first expressed in the form of transverse segmental stripes in the regio 126 germinalis that originates from the early blastoderm ( Figure 2A /B) (see Janssen et al., 2004) . 127
Ten-m is also weakly expressed in the form of a stripe in the segment addition zone (SAZ) 128 6 Parasteatoda Ten-m1 is only expressed in late developmental stages when it is in the head 136 lobes, the ventral nervous system, and in the form of a single dot dorsal in the base of the 137 pedipalps and the legs (Supplementary Figure S2) . 138
Parasteatoda Ten-m2 is expressed in transverse segmental stripes ( Figure 3 ). First, a single 139 broad stripe appears anterior in the forming germ band; this stripe is likely associated with the 140 formation of the labrum and the cheliceral segment ( Figure 3A Figure 2G ). 218
The phylogenetic distribution of segmentation-gene like expression of Teneurin-m genes in 219
Arthropoda thus suggests that the lack of such expression in Tribolium is a derived character. 220
The single teneurin gene of the onychophoran Euperipatoides is also expressed in transverse 221 segmental stripes in newly formed segments ( Figure 5 ). In onychophorans, however, the PRG-222 system appears to be little conserved (Janssen and Budd, 2013) , and the segmentation-gene 223 like expression of Ek-Ten-a/m is not as obvious as in arthropods. Notably, however, the 224 expression of Ten-a/m is very similar to that of the only PRG ortholog that is possibly involved 225 in onychophoran segmentation (or at least posterior elongation), even-skipped (eve) (Janssen 226 and Budd, 2013). Thus, the expression of Ten-a/m could indicate that a possible segmentation-227 gene (or related) function may date back to the last common ancestor of Panarthropoda, and 228 that such function was already established before the duplication of an ancestral panarthropod 229 teneurin gene (Ten-a/m) into Ten-m and Ten-a. It was therefore necessary to investigate 230 whether such function/expression could have been retained in the Ten-a orthologs of 231 arthropods including the beetle Tribolium that does not express Ten-m in a segmentation-gene 232 like pattern (Jin et al., 2019) . Gene expression analysis of Ten-a orthologs in all investigated 233 arthropods, including Tribolium, however, revealed that neither of them is expressed like a 10 potential segmentation gene, revealing that the segmentation-gene like expression of arthropod 235 teneurin genes is a feature of Ten-m, and that the lack of such expression in Tribolium indeed 236 likely represents a derived character. 237 Total RNA was extracted with TRIZOL (Invitrogen) from a mix of embryos representing all 251 stages from the blastoderm stage to hatching. Total RNA was then reverse transcribed into 252 cDNA using the SuperScript IV Reverse Transcriptase (Invitrogen). Gene fragments were 253 amplified by RT-PCR with gene-specific primers based on sequenced genomes (Tribolium and 254 Parasteatoda) and sequenced embryonic transcriptomes (Glomeris (SRA accession: 255 PRJNA525752) and Euperipatoides (SRA accession: PRJNA525753)). In all cases, a nested 256 PCRs was performed, using an initial PCR as template. Primer sequences are listed in 257 Supplementary Table 1 . Gene fragments were cloned into the PCRII vector (Invitrogen) and 258 sequenced on an ABI3730XL automatic sequencer (Macrogen, Seoul, South Korea). Unique 259 11 gene identifiers are listed in Supplementary Table 2 . In-situ hybridization was performed as 260 
